Abstract This paper examines co-authorship of research articles in Thomson Reuters citation indexes in order to assess knowledge co-production in selected sub-Saharan African countries. Two indicators, namely publications and citations, were analysed to establish the patterns of knowledge co-production and its scientific impact, respectively. The study found that knowledge production through collaborative research among subSaharan African countries is minimal and contributes only a small percentage when compared to collaboration between sub-Saharan African countries and their foreign counterparts. Similarly, the scientific impact of international collaboration was higher than that of continental collaboration. Countries belonging to the same geographic region contributed to each other's knowledge production more frequently than they did to the countries outside their region. It is recommended that, for knowledge co-production in subSaharan Africa to improve, various measures such as encouraging student and staff exchange, hosting more regional conferences and encouraging research networks need to be put in place.
distinguish the two modes by observing that, whereas Mode 1 deals with disciplinary knowledge, Mode 2 focuses on problem-solving knowledge production. Gerber (2005 Gerber ( , p. 1398 further notes that unlike Mode 1, which produces disciplinary knowledge which is ''developed in a disciplinary, primarily cognitive context,… followed by strong cognitive and social norms and processes that must be followed in production, legitimation and diffusion of knowledge'', Mode 2 produces ''transdisciplinary knowledge, which is created in transdisciplinary, social and economic contexts and organised around a particular application''. In his explanation of Mode 2 knowledge production, Muller in Gerber (2005 Gerber ( , p. 1399 observes that:
Mode 2 knowledge production is characterised by a form of social organisation which differs from traditional, pure or applied research. This implies that the problem arises in a context of application and as problem-solving research it is transdisciplinary, trans-institutional and financed by more than one source. This leads to a more collaborative research structure than the traditional research team. Quality of research is increasingly being assessed against hybrid, contextually relevant criteria.
Despite their differences, both Mode 1 and Mode 2 knowledge are important as the former forms the foundation for the latter while the latter supplements the former in a ''pattern of co-evolution between the two'' (Gerber 2005 (Gerber , p. 1396 . However, going by the current trends, Mode 2 knowledge production is increasingly being promoted, especially in regard to research at institutions of higher learning more particularly in developing countries, perhaps because it encourages research collaboration which in turn can lead to high quality research. As Lundberg (2006, p. 20) argues, ''it is not unreasonable to believe that high quality research involves a larger number [of] collaborating organizations (or countries) than low quality research''. The importance of knowledge production cannot therefore be overemphasized. Egbu (2006, p. 304) has summarized the importance of knowledge production in an organization thus: ''the main triggers of knowledge production in the construction industry are: the need to effectively deal with complex projects; the effective use of new, innovative building materials, systems, services; managing change (both project change and organizational change); coping with the uniqueness of projects; and managing team member interfaces (e.g., consultant-contractor)''. These factors, we believe, apply to knowledge production in other institutions engaged with the practice of producing knowledge in any given country. Moravec (2007, p. 35) points out that ''knowledge production is no longer dependent primarily on researchers, but is also present in public spaces of individual scientific creativity, the space between science and ethno-science, professional and lay knowledge, the market, and public discourse''. On her part, Knorr-Certina in Moravec (2007) argues that knowledge is produced through cultural activities or scientific methods. Several authors (Arocena and Sutz 2001; Imeda 2005; Gerber 2005; Moravec 2007 ) have also connected knowledge production to formal education offered at higher institutions of learning including universities. Egbu (2006) concedes that knowledge production can occur through a variety of ways, including reflective practice and the transformation and combination of existing knowledge. However, it is widely acknowledged that research is the most common method through which knowledge is produced (Egbu 2006; Imeda 2005) . In fact, most published literature discusses knowledge production in terms of research and industrial innovation (e.g., Aeberhard and Rist 2008; Arocena and Sutz 2001; Frenken 2002; Hessels and van Lente 2008; Russell and Rousseau n.d.; Schneider et al. 2006; Wessels 2006) . The said research can be basic or applied, disciplinary or interdisciplinary, sole or collaborative, or industry-or university-based.
In view of the fact that knowledge production takes place mainly through research activities, it is safe to conclude that, just as is the case with collaborative research, collaborative knowledge production among individuals, institutions and countries is a worthy endeavour. Onyancha and Ocholla (2007, p. 239) observe that research collaboration is beneficial in that it enables researchers to share knowledge, skills and techniques; it makes it possible to transfer tacit knowledge; it provides intellectual companionship; it plugs the researcher into a wider network of contacts in the scientific community; and it enhances the potential visibility of a work as well as reducing the costs of research. Abramo et al. (2009 ), Frenken (2002 and Sooryamoorthy (2009) have also observed that collaborative research not only leads to an increase in knowledge production but also encourages knowledge sharing among the participating researchers. Klitkou et al. (2009, p. 2) opine that ''project cooperation between research institutions, industry and long-term partnerships in networks of excellence where industry and research institutions pool their resources, and improved knowledge transfer between public research and industry contribute effectively to the effective knowledge sharing between public science and industry''. Hoekman et al. (2009, p. 723) , too, observe that ''the relevance of collaboration is evidenced by the fact that the number of citations that scientific articles receive increases with the number of contributing researchers''.
These benefits notwithstanding, Africa is said to be contributing only a small percentage towards global knowledge production and impact (Adams et al. 2010; Arvanitis et al. 2000; adopted the counting of publications to measure knowledge production in particular disciplines in given geographic regions include Choung et al. (2003) , who set out to examine patterns of knowledge production in the information and telecommunication sectors in Korea. Collazo-Reyes et al. (2010) examined how knowledge production patterns of Mexican physics in particles and fields can be enriched. In their article entitled ''The place of universities in the system of knowledge production'', Godin and Gingras (2000, p. 274) measured the presence of universities in the system of knowledge production by examining the participation of at least one university in a given paper and concluded that ''universities remain at the center of the system, while growth of the other sectors (hospitals, industries and government laboratories) is strongly linked to universities''. The study on ''The geography of collaborative knowledge production in Europe'' by Hoekman et al. (2009) investigated inter-regional research collaboration as measured by scientific publications and patents with multiple addresses. Other studies that have used publications as indicators of knowledge production in a given country include Hayashi and Fujigaki (1999) , Heinze and Kuhlmann (2008) , Jansen et al. (2010) , Prpic (2007) , and Ranga et al. (2003) .
This study reports preliminary findings of an informetric study of knowledge production through collaborative research in selected countries in sub-Saharan Africa. The study examines the patterns and impact of research collaboration in selected countries in order to find out the effect of continental and international research collaboration on a country's research productivity (knowledge production) and impact. The study seeks to answer the following research questions:
1. How much do individual sub-Saharan African countries contribute to one another's knowledge production and impact? 2. How much do African countries (aggregated) contribute to fellow sub-Saharan African countries in terms of research output and impact? 3. How much do foreign countries (i.e., countries outside Africa) contribute to subSaharan African countries in terms of knowledge production and impact? 4. What is the pattern of collaboration in knowledge production in sub-Saharan Africa?
Methodology
In order to assess the extent and impact of knowledge co-production among sub-Saharan African countries, an analysis of the contributions of a selected number of countries to each other's publications output and citation impact was conducted. Fifteen most productive countries, in terms of the number of published articles, were selected for the current study. Data was extracted from the Thomson Reuters citation indexes, namely: Arts and Humanities Citation Index (A&HCI); Science Citation Index (SCI); and Social Sciences Citation Index (SSCI). The search query, CU = Country name, where the field tag CU stands for the author's country of affiliation, was used to download relevant data. The search was limited to articles published between 1995 and 2008. The choice of the starting year of publication was determined on the basis that South Africa, which was among the countries investigated in this study, was re-admitted into the scientific arena upon its attainment of democratic government (Government of National Unity) in 1994. For a balanced analysis of research collaboration among the countries, therefore, it was necessary to investigate the publications published after 1994. Once the search was performed, the data was subjected to analysis using the Thomson Reuters Analyze option to obtain frequencies of occurrence in the three databases. Each country's total research output was determined by the total number of articles published between 1995 and 2008, after cleaning the data from other publication types and publications published outside the period of study. Table 2 provides the names of countries in sub-Saharan Africa with the corresponding number of articles published by each country. Since visualizing each of the 47 sub-Saharan African countries' contribution to one another's knowledge production proved difficult when it came to presenting the relationships in tabular format, we chose to select 15 most productive countries as a case study for this paper (see Table 1 ).
Once the countries to be investigated were selected, the articles belonging to a given country (herein referred to as Country B) were analyzed by country of publication in order to identify another country (herein referred to as Country A) that participated in the publication of Country B's articles. The assumption was that Country A's presence in publications authored by Country B implied that the former contributed to the latter's knowledge production and impact and vice versa. Two approaches were employed to find out Country A's contribution to Country B's research output, and hence to knowledge production.
Approach 1: Unique items specific to country A (i.e., articles that contained names of only Country A besides Country B within the authors' addresses of Country B's publications) were obtained by excluding the rest of the countries from the list of contributing countries and remaining with only the country under investigation (Country B) and the selected country (Country A) as shown in Fig. 1 . Excluding the other countries (by clicking on the Exclude Records button) and remaining with only two countries from the list of countries ensured that only publications that belonged to the unmarked countries were obtained. The example in Fig. 1 meant that only South African (Country B) papers that bore only ''Sudan'' (Country A) and ''South Africa'' in the author's address field were counted. The frequency of Country A's occurrence (as the author) in Country B's publications was used to measure the latter's contribution in the former's knowledge production through research output. For example, if Country A appeared Similarly, in assessing Country A's contribution to Country B's research impact (i.e., impact associated with knowledge co-production among the affected countries), Country A's sole (Approach 1) and aggregated (Approach 2) articles in Country B's articles were subjected to a citation analysis in order to obtain the number of citations that Country A generated together with Country B between 1995 and 2008. The average cites per paper was also computed based on the unique and aggregated articles and compared to a country's (i.e., Country B's) sole cites per paper to determine whether or not a country's impact is positively affected by collaboration.
Essentially, the purpose of all the aforementioned analytical processes was to measure Country A's sole (Approach 1) and aggregated (Approach 2) contribution to Country B's research output and impact. The same approach was used to find out the effect of continental and international research collaboration on a given country's total research output and impact (see Table 7 ). This was achieved by grouping the countries into two categories. The first category consisted of African countries (continental) while the second category comprised countries outside Africa (labelled as 'international').
Finally, a core/periphery model analysis was conducted to determine the countries that contributed the most number of articles to each other's total publications output and those countries that had minimal collaborations with the selected countries. The former category of countries formed the core while the latter formed the peripheral class. The core/ periphery model identifies which actors belong in the core and which belong in the periphery (Borgatti et al. 2002) . The analysis was done using version 6 of UCINET for Windows. Research output in sub-Saharan Africa Table 1 provides the number of research articles that each of the sub-Saharan African country produced between 1995 and 2008. South Africa led the pack with a total of 52,098 articles, followed by Nigeria (12,759), Kenya (7,529), Tanzania (3,552), and Ethiopia (3,499), while Cameroon came in sixth position with a total of 3,407 articles. The rest of the countries produced fewer than 3,000 research articles between 1995 and 2008. There were 7 countries which produced fewer than 100 articles each, while 9 countries yielded between 100 and 200 articles each. Out of the 47 countries listed in the table, 14 produced between 200 and 1,000 research articles each and 11 produced between 1,000 and 3,000 articles each. Most countries, therefore, produced less than 1,000 articles each.
The findings in Table 2 (21), and Niger (7.7). Similar data for other sub-Saharan African countries was not available. Finally, several studies (e.g., Cybermetrics Lab. Consejo Superior de Investigaciones Científicas (CSIC) 2010) have shown that South African universities are highly ranked when it comes to research. In fact, of the top 10 positions in Africa, South Other contributions registered a low percentage of between 0 and 1% of the total research output of a given country, with regard to sole contributions. In terms of aggregated contributions, it was noted that the highest percentage contribution of articles was made by South Africa to Zimbabwe (i.e., 308 articles or 11.7% of Zimbabwe's total research output), a percentage increment of 6.3% on South Africa's sole contribution to Zimbabwe during the same study period. Botswana's collaboration with South Africa resulted in a total of 159 articles, accounting for 10.7% of Botswana's total research output. This was closely followed by Kenya's contribution to Uganda (201, 7.5%), Senegal's contribution to Burkina Faso (93, 7.1%), South Africa's contribution to Malawi (91, 6.4%) and Kenya's contribution to Tanzania (179, 5.0%). This pattern of collaboration was also reported by Adams et al. (2010) in their global research report on Africa, which revealed that countries belonging to the same geographic region tended to collaborate more with each other than they did with countries outside their regions.
The above analysis reveals a pattern that some other previous studies have found, which is that a country's total research output is greatly boosted by its neighbours (Onyancha and Ocholla 2007; Hoekman et al. 2010) . Geographical proximity therefore plays a big role in a given country's knowledge production in terms of research output. This pattern may also reflect countries that are engaged in empowering others in terms of skills and technological transfer and countries in which citizens of other countries acquire knowledge or are trained. In the case of the countries that train citizens of other countries, South Africa attracts a Knowledge production through collaborative research 323 Knowledge production through collaborative research 325 large number of students from other sub-Saharan African countries, especially at the postgraduate level.
Contributions of selected sub-Saharan African countries to each other's total citations count
The number of citations was assessed to determine a country's influence on another's citation count and, partly, citation impact. Table 6 , the majority of countries did not contribute any citations to other countries on their own. Unlike in Table 5 , where there were no zero entries, Table 6 recorded 53 entries reading zero citations, which implies that an article stands a better chance of being cited if it is authored by several countries or even individuals and institutions. This explains why all Table 6 's entries were lower than Table 5 's. Sole citation contributions recorded lower frequencies than aggregated contributions. In fact, only six entries recorded a percentage contribution of more than 1%, with South Africa's sole contribution to Zimbabwe yielding 3.06% of the latter's total citations, followed by South Africa's sole contribution to Botswana which stood at 381 (3.03%) citations. Kenya contributed 286 (1.01%) citations to Ethiopia. Seemingly, geographical proximity is playing a major role in one country's influence on another's citation count. South Africa's influence is more felt in the Southern African region while Kenya's influence is felt in the Eastern African region. The same goes with some of the countries located in Western Africa. For instance, Cameroon and Senegal contributed 47 (0.38%) and 62 (0.50%) citations to Burkina Faso, which is located in the same region.
Contributions of selected sub-Saharan African countries to each other's citation impact
The average cites per article, calculated as the total number of citations divided by country A's aggregated article contribution to country B's total number of articles, was computed to assess the influence of country A on country B's research impact. When benchmarked against the country's overall citation performance as indicated in the last row of Table 7 , it was noted that South Africa's citation impact improved when the country collaborated with Kenya, Tanzania, Cameroon, Uganda, Zimbabwe, Ghana, Senegal, Cote d'Ivoire, Botswana, Sudan, and Burkina Faso. South Africa's citation impact decreased when the country collaborated with Nigeria, Ethiopia, and Malawi. Nigeria's citation impact on the other hand was higher when it collaborated with each of the countries under investigation. Kenya's collaboration with 10 out of 14 countries investigated in this study resulted in .42) 104 (0.48) 46 (0.17) 71 (0.37) Knowledge production through collaborative research 327 Knowledge production through collaborative research 329 and Sudan (31.44) . Generally, most countries' citation impact was higher when the country in question collaborated with another which implies that collaborative research provides wider visibility which in turn increases the chances of the article being cited.
Comparison of internal, regional and international research output and impact Upon normalization of the contents of Table 2 , the generated data was subjected to a core/ periphery model analysis which produced the core/periphery class memberships shown in Fig. 2 . Class 1, which comprised of South Africa, Nigeria, Kenya, Tanzania, Burkina Faso, Cameroon, and Uganda, formed what can be termed the core participants and contributors to each of the selected countries' total research output and therefore knowledge production. The other countries, such as Ethiopia, Ghana, Senegal, Cote d'Ivoire, Botswana, Malawi, Sudan, and Zimbabwe, were relegated to the periphery. South Africa generated the highest normalized score of 0.453 in its contribution to Botswana's research output, followed by its contribution to Ethiopia (0.306). Kenya's highest contribution was to Uganda (0.317), followed by its contribution to Sudan (0.292) and Ethiopia (0.275). It was noted that Ethiopia, Ghana, and Zimbabwe, which produced more articles than Burkina Faso, were categorized in Class 2 with the peripheral countries, simply because, overall, they were inconsistent in their contributions or research collaboration.
Conclusion and recommendations
This paper concludes that given the emphasis placed on teamwork and collective knowledge in the current knowledge economy (Skyrme 2002) , it was not surprising to witness some form of collaborative knowledge production among the selected countries in subSaharan Africa. However, we also noted that knowledge production through collaborative research among the investigated countries is minimal. African countries contribute very little to each other's knowledge production in terms of research articles. The results presented in Section 3 above indicate that, with the exception of South Africa which contributed 11.7 and 10.7% towards the total research outputs of Zimbabwe and Botswana, respectively, sub-Saharan Africa countries contribute less than 10% of each other's total research output. Essentially, therefore, this implies minimal contributions in knowledge production and sharing among the sub-Saharan African countries. On the pattern of collaborative knowledge production, it emerged that countries engage in joint knowledge production based on their geographic proximity. In that respect, countries in the Southern African Development Community (SADC), East African Community (EAC) and the Economic Community of West African States (ECOWAS) largely contribute and share knowledge with other countries in their regions. The extent and proportion of foreign countries' knowledge production (and its impact) with sub-Saharan African countries was higher than continental knowledge production. South Africa, Nigeria, Zimbabwe, and Botswana recorded relatively low growth rates in their collaboration with foreign countries, a situation that may imply little foreign dependence in the countries' knowledge production activities. This study's findings may also reflect the extent of knowledge sharing and exchange among scholars resident in the surveyed countries. Whereas it can be said that little knowledge exchange is taking place among African scholars, it seems that scholars based in foreign countries frequently share knowledge with their counterparts in sub-Saharan Africa. Narvaez-Berthelemot et al. (2002, p. 239) explain that just as is the case with ''other developing regions of the world, little scientific co-authorship is found between countries, preference being given to collaboration with industrialized nations''. Dependence on industrialized nations for the development of theories in different fields could also account for the pattern of knowledge production witnessed in this study.
With regard to research impact, which in this study reflects the impact that knowledge production through research collaboration in sub-Saharan Africa has in the scientific arena, it was found that citation impact of international collaboration is higher than that of continental collaboration. When assessed at face value, this means that research that is conducted in collaboration with scholars from foreign countries will have higher citation impact than that conducted among scholars resident in sub-Saharan Africa. This conclusion may not be entirely true as citation impact is influenced by several factors, including language of publication, journals in which the research is published, and databases used for data extraction and analysis. Nevertheless, in order for research conducted in Africa to have international impact, factors such as those outlined above should be taken into consideration.
Finally, knowledge co-production in sub-Saharan Africa should be encouraged by way of student and staff exchanges; visits by scholars to institutions in other countries should be encouraged; subjects or topics of common research interest should be identified and explored for possible collaborative research; researcher networks should be encouraged in sub-Saharan Africa; regional conferences where scholars can network should be held more frequently; and funding for collaborative research should be prioritized.
